Expression of the beta3 tubulin gene (beta Tub60D) in the visceral mesoderm of Drosophila is dependent on a complex enhancer that binds Tinman and UBX.
The beta3 tubulin gene of Drosophila is expressed in the major mesodermal derivatives during their differentiation. The gene is subject to complex stage- and tissue-specific transcriptional control by upstream as well as downstream regions. Analysis of the vm1 enhancer, which is responsible for tissue-specific expression in the visceral mesoderm and is localized in the intron, revealed a complex modular arrangement of regulatory elements. In vitro and in vivo experiments uncovered two binding sites, termed UBX1 and UBX2, for the product of the homeotic gene Ultrabithorax (Ubx), which are required for high-level expression in pPS6 and PS7. Further analysis of the vm1 enhancer revealed that deletion of a specific element, termed element 7 (e7), abolishes transcription of the lacZ reporter gene in all parasegments except pPS6/PS7. Gel-retardation and footprint analysis identified a binding site for the homeodomain protein Tinman, which is essential for the specification of the dorsal mesoderm, within e7. Simultaneous deletion of two further sequence blocks in the vml enhancer, named elements 3 (e3), and 6 (e6), results in a reduction analogous to that caused by removal of e7. The e6 sequence contains conserved motifs also found in the visceral enhancer of the Ubx gene. Therefore we conclude that these elements act in concert with the Tinman binding site to achieve high expression levels. Thus the vm1 enhancer of the beta3 tubulin gene contains a complex array of elements that are involved in transactivation by a combination of tissue- and position-specific factors including Tinman and UBX.